Whether by heating our homes in winter, keeping the lights on in our of½ces, powering factories that manufacture goods, or fueling our automobiles, energy drives our economy and supports our quality of life. Thanks in part to an economic infrastructure heavily dependent on energy use-roads and highways, ports and railways, broadband and computer networks, manufacturing plants and shipping facilities-American workers and businesses are among the most productive in the world and the most globally integrated. A century of innovation, fueled by cheap and plentiful energy largely from coal, oil, and natural gas, has allowed the nation to transition from an agriculture-based economy to one based on high-value-added manufacturing and services aided by computerization. Our standard of living-among the highest on earth-would not be possible without energy and the systems that have been developed to harness it.
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are under way in China and India to increase access to energy in villages and to mechanize farming tasks. Furthermore, both countries are rapidly increasing electricity production to feed their sharp industrial growth. Abroad, as at home, rising living standards and robust economic growth require access to plentiful, reliable, and inexpensive energy.
Unfortunately, the sources of energy that we have grown to rely on are more expensive than we once thought. The true cost of energy includes the price we pay at the gas pump or what shows up on the electric bill-known as the "private costs"-and also the less obvious impact of energy use on health, the environment, and national security. Economists refer to these additional damages as negative externalities, or "external costs." A more holistic accounting of the total costs of energy consumption that includes both the private and external costs is known as the social cost of energy use. Recent events like the Deepwater Horizon oil spill, the death of twenty-nine West Virginia coal miners in the worst mining disaster in twenty-½ve years, and the crisis at Japan's Fukushima Daiichi Nuclear Power Plant are salient examples of the health and environmental costs, and economic risks, of our current energy sources. While these tragic disasters are the most obvious symbols of these costs, they are by no means the largest.
Our primary sources of energy impose signi½cant health costs-particularly on infants and the elderly, our most vulnerable. For instance, even though many air pollutants are regulated under the Clean Air Act, ½ne particle pollution, or soot, still is estimated to contribute to roughly one out of every twenty premature deaths in the United States. 1 Indeed, soot from coal power plants alone is estimated to cause thousands of premature deaths and hundreds of thousands of cases of illness each year. 2 The resulting damages include costs from days missed at work and school due to illness, increases in emergency room and hospital visits, and other losses associated with premature deaths. In other countries the costs are still greater; recent research suggests that life expectancies in northern China are about ½ve years shorter than in southern China due to the higher pollution levels in the north. 3 The National Academy of Sciences recently estimated total non-climatechange-related damages associated with energy consumption and use to be more than $120 billion in the United States in 2005. Nearly all of these damages resulted from the effects of air pollution on our health and wellness. 4 The external costs associated with using carbon-intensive fuels also include climate change. If carbon dioxide (CO 2 ) emissions continue to rise at the current rate, they are likely to drive temperature changes that will have signi½cant environmental and health consequences: rising sea levels, more frequent and more severe storms, increased flooding and drought, and other dramatic changes in weather patterns. These changes in turn could result in an increase in water-and insect-borne diseases, a loss of biodiversity, and the loss of human lives and livelihoods. 5 The U.S. government recently developed a measure to monetize the damages caused by CO 2 emissions: that is, the social cost of carbon. By this metric, carbon emissions in the United States resulted in almost $120 billion in damages globally in 2009. 6 Other environmental costs associated with our current energy sources include the impact of acid rain on vegetation and lakes, the effect of ozone on agricultural productivity, and oil leaks and spills. Further, recent concerns about local damages associated with hydraulic fracturing ("fracking") extraction techniques underscore the landuse issues related to fuel extraction.
There are additional economic, political, and national security risks associated with current domestic energy policies. Oil plays an important role in the American economy: it powers most of the transportation sector and is an important input in many industries. Continuing turmoil in the Middle East has raised the pro½le of energy security and the geopolitical implications of reliance on oil. In part to protect major oil supplies, the United States has maintained a military presence in the Middle East for more than ½fty years. On several occasions, it has become mired in military interventions to prevent oil supply disruptions, among other objectives.
These costs-ranging from increases in lung disease and infant mortality to problems associated with climate changehave been quanti½ed and can be expressed in dollar terms. And these costs can far exceed the price that appears on our utility bills or at the gas pump. For example, we estimate that it costs about 3.2¢ for an existing coal plant to produce a kilowatt hour (kWh) of electricity. But this inexpensive sticker price belies the more signi½cant damages (estimated at roughly 5.6¢ per kWh) of coal-generated electricity to our well-being: shorter lives, higher health care bills, and a changing climate that poses risks to our way of life. The true social cost is almost three times the amount that appears on our utility bills.
Current energy policy tilts the balance in favor of energy sources that appear cheap only because their costs to health, the climate, and national security are obscured or indirect. A better approach to energy policy should encourage fairer competition between energy sources by placing them on equal footing. Based on our work for The Hamilton Project, this paper offers four principles for reforming U.S. energy policies that would move the country in this direction.
The Bene½ts of Energy Use. The development and exploitation of inexpensive energy sources has been a key driver of economic development and quality of life. The story of the expansion of the U.S. economy, and of the advances and innovations that have made life better for Americans, leaps from one energy-harvesting invention to another: the cotton gin, the steam engine, the lightbulb, the internal combustion engine, the turbine, the mechanized factory, the electri½ed city, and the computer. The development of coal, oil, natural gas, nuclear power, and other energy sources made all this progress possible and has helped support activity that is integral to our economy and quality of life.
Windmills and watermills, the ½rst modes of generating mechanical energy, were used almost entirely for rudimentary tasks such as grinding grain and pumping water. The development of the steam engine in Britain in the mid-eighteenth century gave birth to industry by powering factories and cotton mills. In the late nineteenth century, the internal combustion engine, which runs the entire modern motor vehicle fleet, was invented. Around the same time, the lightbulb was developed, allowing businesses to keep their doors open even after the sun had set and making it possible for employees to extend their workdays.
Today our economy is heavily reliant on electric power to run businesses and maintain quality of life. Data centers and server farms in the United States require massive amounts of energy. In 2006, they consumed 61 billion kWh of electricity (1.5 percent of total U.S. electricity consumption), more than was consumed by the nation's televisions. 7 Oil fuels more than 90 percent of the nation's motor vehicle fleet and is a critical fuel input for the entire transportation network. The bene½ts that energy provides, from home heating to facilitation of trade, are inte-gral to our way of life. The United States consumes about one-½fth (21 percent) of the world's energy, despite having less than 5 percent of the world's population. 8 But U.S. dominance in energy use is about to change. Developing countriesespecially China and India-are rapidly increasing the amount of energy they consume as their economies grow and their citizens aspire to better living conditions (Figure 1) . While access to plentiful energy is important to maintaining the standard of living in the United States, it has taken on an even more vital role in emerging markets as they transition to a higher standard of living and more energy-intensive economies.
A lack of reliable access to energy has been a major deterrent to economic growth and improved quality of life in most of the developing world. Almost one-fourth of the world's populationmost of which lives in sub-Saharan Africa and South Asia-lacks access to electricity. 9 Twice that number-half the world's population-lacks access to clean cooking energy and relies on traditional biomass fuels (wood, dung, coal, and agricultural by-products) that produce smoke and other air pollutants. 10 Indeed, indoor smoke from solid fuels is believed to have been the sixth-leading cause of death and ½fth-leading cause of disability in lowincome countries in 2004. 11 "Energy poverty" and "fuel poverty" contribute to poverty, health problems that can result in lower life expectancy, diminished access to education and other productive activities, and lower rates of economic growth and productivity.
From facilitating trade to raising income and improving health, reliable access to energy could help reduce poverty and improve life expectancy in developing nations around the world. As these nations grow and transition, however, their reliance on fossil fuel-based energy sources will surge, creating another set of global challenges resulting from climate change.
The External Costs of Energy Use. The bene½ts of the energy sources that we currently rely on are obvious. But it is increasingly clear that the costs of our current sources go well beyond what we pay at the pump or to the utility company. These additional costs of energy use take a variety of forms, from the erosion of living standards to the diversion of taxpayer funds and other critical resources. They include increased health costs, shortened life spans, higher military expenditures and foreign policy constraints, expensive environmental cleanups, and the broad impacts of climate change-all of which are real costs that we impose on ourselves and on future generations.
Health effects of current energy sources. The combustion of fossil fuels results in the release of pollutants that have a signi½cant impact on the health and well-being of American society and the world. Air pollution's greatest costs to society come from health impacts, which make up approximately 94 percent of external non-climate costs. 12 Particulate air pollution, or soot, is associated with elevated mortality rates for adults and infants. 13 In 2010, soot from U.S. coal-½red power plants was estimated to have caused 23,600 premature deaths and more than 500,000 cases of respiratory illness. 14 Soot and other pollutants such as sulfur dioxide (SO 2 ), carbon monoxide (CO), and nitrogen oxides (NO x ), which lead to ozone, all pose threats to well-being, including higher mortality rates, more hospital admissions, restricted activity days, and increased expenditures on medications for respiratory problems. 15 The National Academy of Sciences estimates that electricity generation from coal, oil-fueled vehicles and transportation, and electricity production from natural gas caused an estimated $120 billion in non-climate-change-related damages in 2005 (Figure 2) . 16 Health-related damages account for almost all of these costs.
The health consequences of other energy sources can be severe, as the nuclear crisis in Japan reminds us. Prior experiences with nuclear disasters suggest that they increase the incidence of cancer. Even at doses once thought to be harmless, children born in regions of Sweden that experienced higher radiation fallout from the disaster at Chernobyl have been shown to have reduced cognitive abilities, measured by school performance. 17 Climate-change impacts. Since the start of the Industrial Revolution, humans have been emitting a growing amount of greenhouse gases such as CO 2 , methane, and NO x into the atmosphere. Figure 3 shows that the concentration of CO 2 in the atmosphere has risen by more than 23 percent over the past ½fty years. 18 According to the Intergovernmental Panel on Climate Change, these rising levels of CO 2 and other greenhouse gases will cause rising average global temperatures in the coming years and decades. If current emissions trends continue, global temperatures will increase by an estimated 4.3ºF to 11.5ºF (2.4ºC to 6.4ºC) by the end of the century, depending on the climate model and assumptions about economic growth. 19 The increase in average temperature is well-documented, but it is less clear how this will affect our lives. One way to illustrate the effect is to look at the incidence of very hot days. Figure 4 reports the current number of days per year when the temperature experienced by the average American falls into certain ranges. In recent history, it has been extremely rare for the average daily temperature (calculated as the average of the daily maximum and minimum) to exceed 90ºF; the aver- age American experiences about one such day per year. But in the future, such extremely hot days are projected to become much more regular, occurring about forty times a year. This means the United States will experience roughly four times as many days when the temperature is hotter than 90ºF than days when it is below 30ºF. This projected change is troubling because the greatest damages from temperature, in terms of elevated rates of mortality and morbidity and reduced agricultural productivity, are concentrated at these high temperatures. 20 In addition to the increase in temperatures, the higher concentrations of greenhouse gases are expected to lead to other changes on our planet, including changes in precipitation patterns, weather variability, and rising sea levels. Together, these changes in climate are expected to lead to a series of adverse outcomes ranging from reduced agricultural productivity, increased mortality rates, higher flood risks, greater rates of species extinction, compromised ecosystem services, and even increased conflict over scarce natural resources. Furthermore, there is rising concern about the possibility of a catastrophic event, such as a potentially discontinuous "tipping point" in the behavior of earth systems.
In the abstract, it is easy to understand that there is a wide range of risks for the United States and the world population associated with climate change. The challenge of summarizing and monetizing the costs-a necessary next step for informing policy-makers-has only recently been addressed. In 2010, a U.S. government working group estimated the global damages associated with the release of an additional ton of CO 2 into the atmosphere, calling their estimate the social cost of 
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carbon (scc). The group concluded that the current scc is roughly $21 per ton of CO 2 emissions. 21 To put that number in context, at a cost of $21 per ton, carbon emissions in the United States last year resulted in roughly $120 billion in global damages. The damages within the United States are projected to be smaller, ranging from about 7 to 23 percent of the total. Of course, the global and domestic damages apply regardless of where on the planet the emissions occur. 22 With this estimate of the scc, policymakers now have a bright-line rule to identify effective policies, because they can quantify the bene½ts of regulations that would reduce carbon emissions. Indeed, the scc has already become a standard tool in the evaluation of national policy choices. Since the release of the scc values, the monetized bene½ts of CO 2 emission reductions have been included in at least seven major regulations (those with costs or bene½ts above $100 million) across three federal departments and agencies. In Table 1 (discussed below), we use the scc to quantify the climate-related damages from various energy sources.
Other environmental and economic effects. Other aspects of energy production and consumption also impose external costs. For example, extracting, transporting, and consuming fuels such as coal and petroleum have adverse effects on the environment and impair our quality of life. The methods used to extract fuel, such as coal mining or offshore oil drilling, can be very disruptive to the surrounding ecosystem. Strip-mining, a form of surface mining that peels back layers of soil and rock to expose seams of mineral, destroys vegetation, displaces wildlife, and often permanently changes soil composition. The Deepwater Horizon oil spill in 2010, which damaged both local ecosystems and local economies, is one illustration of the consequences of accidents. Air pollutants, like those that form acid rain or the airborne mercury from burning coal, have negative effects on trees, wildlife, ocean life, and soil quality. The smog that results from air pollutants impairs visibility and interferes with enjoyment of national parks and other scenic vistas.
Pollution also results in economic damages. Ozone can slow plant and crop growth and increase plants' vulnerability to disease. 23 Recent evidence suggests that air pollution has a signi½cant impact on the health and productivity of workers and children's absenteeism rates at school. 24 Ozone, even at levels below Environmental Protection Agency (epa) standards, has been shown to reduce the productivity of agricultural workers in California. 25 Even some alternative energy sources, several of which have been heralded as the future of energy use, have signi½cant environmental costs. Biofuels such as ethanol were once considered a promising substitute for carbon-intensive fuels. However, clearing the land, growing, transporting, and processing the crops used for biofuels results in large emissions of CO 2 . Examining the entire life cycle of production and consumption of biofuels suggests that at least some of them may be, on balance, worse for the environment than the entire energy cycle for oil.
Macroeconomic stability and international security. Energy security has been a critical concern for U.S. policy-makers since at least the oil shocks of the 1970s. Although U.S. oil intensity-the amount of oil the United States consumes per dollar of economic activity-has been declining by about 2 percent per year since 1980, our economy remains heavily dependent on oil. 26 In the transportation sector, there are almost no substitutes; oil meets more than 90 percent of U.S. fuel needs. 27 Consequently, oil continues to play both a substantive and symbolic role in the economy. The challenges that arise from U.S.
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Daedalus, the Journal of the American Academy of Arts & Sciences reliance on oil have both economic and geopolitical dimensions. Dependence on oil imposes macroeconomic risks from oil shocks. Ten of the eleven postwar recessions followed an increase in the price of oil, including the most recent recession. 28 While some research suggests that oil shocks have had steadily smaller effects on economic activity since the 1970s-perhaps because our economy's oil intensity has been diminishing, because policy-makers have learned how to respond better to these shocks, or because the U.S. economy is more flexible today than it was-evidence from the most recent recession suggests that our vulnerability to oil shocks has not disappeared. 29 Oil consumption also raises geopolitical and national security issues. For more than ½fty years, the United States has maintained a military presence in the Persian Gulf. Although it is dif½cult to disentangle energy security from other national security goals, the need to guard against the possibility of oil disruptions has added urgency to U.S. military action. According to Brent Scowcroft, the national security adviser under Presidents Gerald Ford and George H.W. Bush, "What gave enormous urgency to [the Persian Gulf War] was the issue of oil." 30 
Estimates of Private and External
Costs of Various Energy Sources. Smart energy policy must take into account the full social cost of energy production. This includes the private costs of building, maintaining, operating, and fueling electricity generating plants or transportation vehicles, as well as the external costs to health and the environment. Making good energy policy decisions has been especially dif½cult because the extent of the private and external costs has not always been clear. Indeed, without access to full, transparent information about the true costs of energy sources, policy-makers have not had the tools to make the best choices for the economy and the welfare of the American people. With an "apples to apples" comparison of actual costs, we can help level the playing ½eld among the various energy sources by providing more-accurate information for the public discussion around energy policy. Table 1 provides new and what we believe are the most complete estimates of the costs of electricity production for several energy-producing technologies, including coal, natural gas, nuclear, wind, solar, and hydroelectric. It reports the full life-cycle costs of creating new electricitygenerating capacity using different types of electricity sources; that is, it shows the total social cost per unit of energy of starting up and operating a new plant over the entire lifetime of the plant (sometimes called the "levelized cost") including the health and environmental costs associated with electricity production. These costs are divided into private costs (the cost of building, fueling, operating, and maintaining a plant); noncarbon external costs (primarily the costs to health); and carbon-related external costs due to climate change. 31 The sources for the estimates of the private costs are based on our calculations, described in detail in our paper for The Hamilton Project 32 ; estimates for non-carbon costs are from the National Academy of Sciences 33 ; and estimates for carbon-related costs are from the Interagency Working Group on the Social Cost of Carbon. 34 We are unaware of any previous effort to pull these cost components together.
Although we attempt to draw on the best available data and research when producing these estimates, there is substantial uncertainty around many of these costs. For some energy sources, estimates of non-carbon external costs are dif½cult to quantify or are simply not available. h Estimates for wind and solar are based on current market costs, which have been declining due to advances in technology. Some analysts argue that improved technology will substantially reduce the price of wind and solar power. For example, if overnight capital costs of solar pv were reduced to $2,000/kW, levelized costs for solar pv would drop to 8.6¢/kWh. i Source: National Academy of Sciences, Hidden Costs of Energy, 92 (coal) and 118 (natural gas). The nas estimates the monetized costs resulting from emissions of SO 2 , NO x , and PM2.5 and PM10 (two forms of particulate matter) from existing natural gas and coal power plants, assuming a value of a statistical life of $6 million (in 2000 usd). These estimates do not include external costs other than from those four air pollutants, nor do they include "upstream" costs resulting from mining, drilling, construction, and other activities not directly associated with electricity generation. While it is likely that new plants are more ef½cient, the assumption that both existing and new plants have the same external costs reflects the fact that both existing and new plants are included under the same SO 2 and NO x cap-and-trade cap.
Intermittent Generating Technologies
j Reliable estimates of the non-carbon external costs are unavailable for many electricity-generation technologies, even for technologies like nuclear or hydroelectric, which have demonstrable environmental or health costs. We label non-carbon external costs of these technologies "unable to quantify" (utq) In an attempt to de½ne a more appropriate comparison of wind and solar to other base-loading technologies, "Combined Peaking and Intermittent" presents estimates of hybrid wind and solar pv facilities that are backed up by natural gas combustion turbines during periods of intermittency. These hypothetical plants assume that a renewable source is paired with a natural gas combustion turbine of suf½cient capacity such that the turbine could fully substitute for the renewable source if it produced no output during some time periods. The average capacity factor of the paired natural gas combustion turbine is chosen such that the average capacity factor for the combined plant is equal to 85 percent (roughly the capacity factor for traditional coal and natural gas combined-cycle plants).
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For example, for nuclear and hydroelectric power, the costs from nuclear accidents or from damage to ½sheries are very real, but few studies have reliably estimated those costs. Additionally, the prices of fuel sources are determined by market forces, and can rise or fall over time, leading to changes in private costs. Similarly, innovation has reduced the costs of many emerging technologies and may continue to reduce costs in the future. The ½fth column shows estimates of the levelized private costs of generating new electricity from different sources. For baseline power (power that is not subject to interruption), hydroelectric and coal are the least expensive energy sources when measured by private costs.
However, these private costs do not take into account the signi½cant external costs stemming from many electricity sources. The sixth column shows the non-carbon external costs associated with different types of electricity sources, such as negative effects on health and the environment. Coal has high non-carbon external costs of 3.4¢ per kWh-roughly the same size as its private costs for existing capacity and more than 50 percent of its private costs for new capacity. The next column shows the costs associated with carbon emissions, assuming an scc of $21.4 per ton (the preferred estimate of the Interagency Working Group on Social Cost of Carbon).
The ½nal column shows the social costs, which is the sum of all private and external costs. The costs of several electricity sources increase dramatically when the full costs of production are included. For example, the social cost of existing coal plants is more than double the private cost (8.8¢ compared to 3.2¢); the social cost of new conventional coal plants is roughly 83 percent higher than the private costs (11.5¢ compared to 6.2¢), making coal the most expensive new nonrenewable source of energy. Conversely, for many other electricity-producing technologies, such as hydro, nuclear, wind, and solar, the private costs make up the vast majority of the social costs.
Estimates of the costs of "intermittent" energy sources-wind and solar-must also be adjusted to reflect the fact that they cannot be compared directly to those of base-loading technologies: wind power plants produce power only when there is wind, and solar power plants produce power only when there is sunlight. Sunny and windy times of the day or year do not always correspond to times when demand for power is greatest. Consequently, these types of energy are less valuable even if the cost per kWh is the same as coal, natural gas, or other "dispatching" energy sources (sources that can be turned on and off to produce power when needed most). Similarly, cost estimates for "peaking" generation technologies, such as natural gas combustion turbines, overstate their costs because they are speci½cally designed to be used in times of very high demand for electricity.
To put these sources on comparable footing, we created hypothetical plants that include intermittent technologies paired with a peaking generation technology (natural gas combustion turbines) that could meet energy needs during periods when solar or wind power is unavailable. These estimates, which we label "Combined Peaking and Intermittent" in Table 1 , suggest that some versions of these combined plants could be competitive with many existing technologies if the full social costs of energy production were taken into account. For example, the combined wind/combustion turbine power plant would have social costs almost 2¢ per kWh less than that of new coal capacity. However, this combined wind/combustion turbine technology would still have signi½cantly higher social costs than many other options, including new convention-
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al natural gas power plants and existing coal power plants. Furthermore, the wind and solar estimates are based on siting plants in optimal locations for harvesting these energy sources; the cost estimates would be higher, potentially signi½cantly so, in other locations. Figure 5 summarizes several of the most important electricity sources from Table 1 . These sources are shown in order of their private costs. The private costs are in black, the non-carbon external costs (mostly health costs) are black-and-white checkered, and carbon costs due to climate change are in light gray. The dramatic differences in the private and social costs of different energy sources illustrate how the low-private-cost energy sources we rely on often come with high external costs.
When private costs alone are considered, existing coal power plants appear to be a great deal. These plants account for roughly 45 percent of the electricity in the United States, and they do so at an average price of 3.2¢ per kWh. This appears to be a bargain, but the true costs are much higher-in fact, they are 170 percent higher. Each kWh of coal-generated electricity comes with an additional 5.6¢ per kWh of damages to our well-being, from a combined 3.4¢ per kWh of non-climatechange-related damages (primarily healthrelated) and 2.2¢ per kWh of climatechange-related damages. Although these costs are not listed on our monthly utility bills, they are nevertheless real. They show up in shorter life spans, higher health care bills, and a changing climate that poses risks to our way of life. Figure 5 also reports on the costs of other electricity sources. Electricity from new coal plants is more expensive than from existing plants, largely due to the capital costs of building the plant; however, because new plants are slightly cleaner, external costs are modestly lower. Once the full costs of all energy sources are accounted for, natural gas power plants are among the least expensive electricity sources. This outcome reflects the low prices of natural gas due to the recent dramatic increase in reserves and the fact that the health and environmental costs associated with natural gas are lower than for other fossil fuels. (At the time of this writing, the environmental costs associated with the extraction of natural gas through fracking are largely unknown and could increase the social costs of natural gas use.)
For vehicles and transportation, the story is similar. From sticker prices on new cars to the price at the pump, the private costs of transportation are readily apparent to most Americans. The private costs to purchase, maintain, and fuel the average car add up to about $0.51 per vehicle mile traveled over the car's lifetime. 35 But cars, trucks, and other vehicles also impose costs by polluting the air, emitting greenhouse gases, contributing to traf½c on busy roads, and through injuries and deaths from car crashes. 36 These external costs amount to more than $0.10 per vehicle mile traveled, or roughly $16,000 for a car that is driven 150,000 miles 37 -which represents more than 20 percent of the car's lifetime private costs.
An additional consequence of the costs in Table 1 is that industry and consumers have little incentive to change their energy preferences based on comparison of direct costs. This is because coal and gasoline are comparatively inexpensive when only their private costs are considered.
In addition to the private and external costs of these energy sources, policies to influence energy production also consume signi½cant ½scal resources. Table 2 details the many subsidies and ½nancial incentives for different types of energy production provided by federal, state, and local governments. The higher cost per kWh for some sources is frequently justi½ed as the result of efforts to jump-start in- Other government programs also give a boost to preferred energy sources. Liability for nuclear disasters is capped at $12.6 billion, and oil companies' responsibility for spills is capped at $350 million for onshore facilities and $75 million for offshore facilities. 38 Thus, these energy producers are protected from the risks they impose on society, liabilities that other businesses are required to shoulder. 39 Additionally, federal and state legislation has granted a host of subsidies for ethanol production and use, including a tax credit equal to $0.45 per gallon for blending ethanol with other fuels and a variety of other standards that require the use of ethanol. 40 These subsidies impose a substantial ½scal cost on taxpayers while creating market distortions.
Efforts to address the environmental, health, and climate-related effects of our current energy sources are often derided as too costly. But Table 1 emphasizes that many current energy sources are already more costly than perceived; those costs are simply more diffuse and less salient because they indirectly impact health, economic activity, the environment, and national security. Although there are undoubtedly costs associated with moving to energy sources that require higher private outlays, the introduction of policies that cause producers of all energy sources to recognize the full social (that is, private plus external) costs will level the playing ½eld and improve our well-being.
Figure 5
The Private, External, and Social Costs of Electricity Generation *The non-carbon external costs of nuclear power, including the risk of serious accidents, have not been quanti½ed for this ½gure. Non-carbon external costs include only damages associated with operating the plant, not "upstream" costs from mining, drilling, and extraction of fuels (including any environmental costs associated with fracking), or from plant construction. Sources: See notes for Table 1 .
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For example, epa analyses indicate that the bene½ts of recently proposed policies to address climate change would have exceeded their costs. The analyses suggest cumulative domestic costs of a cap-andtrade bill at $600 billion to $1 trillion through 2050. 41 But the global cumulative bene½ts of the emissions reductions produced by enacting a cap-and-trade system would be approximately $1.5 trillion to $1.7 trillion over the same period, indicating that the bene½ts would have been much larger than the costs. Although a substantial proportion of these bene½ts would accrue outside the United States, many believe that the adoption of such a carbon policy would lead other countries to implement similar policies to reduce carbon emissions that would produce substantial bene½ts for the United States.
Reforming Energy Policy. Energy consumption is critical to economic growth and quality of life. America's energy system, however, is malfunctioning. The status quo is characterized by a tilted playing ½eld, where energy choices are based on the visible costs that appear on utility bills and at the gas pump. This system masks the external costs arising from those energy choices, including shorter lives, higher health care expenses, a changing climate, and weakened national security. As a result, society pays unnecessarily high costs for energy.
New "rules of the road" could level the energy playing ½eld. Drawing from our work for The Hamilton Project, we offer the following principles for reforming U.S. energy policies in order to increase Americans' well-being: 3) Make regulations more ef½cient. Regulation has played, and will continue to play, a signi½cant role in addressing the environmental and health consequences of energy consumption. The current process for promulgating regulations needs to be updated to promote rules that are more ef½cient and cost-effective. By requiring cost-bene½t analysis to evaluate the potential impact of regulations and by assessing the reliability of empirical studies that are used to complete that analysis, we can greatly enhance the effectiveness and reputation of our environmental regulatory system. Furthermore, to ensure their ongoing value, an independent, automatic retrospective review of economically signi½cant regulations is critical. If these reviews ½nd that the costs exceed the bene½ts, then the regulations should be amended or removed. Finally, genuine reform may involve rethinking and potentially eliminating regulations that become superfluous or counterproductive after energy sources are priced. diately to start down the path toward a global solution. This effort can begin today with a number of measures such as building the capability to monitor total net emissions at the country level (this could be a building block for a trading system) through a combination of satellite-and land-based measurement systems. This would provide evidence of carbon emissions by countries and eliminate issues surrounding the accuracy of reporting, which has been a stumbling block in international negotiations.
A fundamental change in our energy policy will not be easy and will come with costs, with some industries and regions in the U.S. economy being more affected than others. This is because U.S. households and businesses have made decisions based on the expectation of access to energy sources with relatively low private costs. One solution is to offer compensation to those that are harmed. On net, however, the recognition of the full costs of our energy choices would deliver healthier and longer lives, an improved environment, and greater national security.
